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INTRODUCTION:   
The central hypothesis of this project was that the formation of a tetrad:heptad variant of 
a G-quadruplex by the HER-2/neu promoter represses HER-2/neu transcription. The 
tetrad:heptad was expected to provide a target for selective drug-DNA interaction by G-
quadruplex interactive compounds and inducing or stabilizing the tetrad:heptad in the 
HER-2/neu promoter with a G-quadruplex interactive compound will silence HER-2/neu 
expression. 
 
The specific aims of this proposal were: 
 
Specific Aim 1: Investigation of the potential biological role of a tetrad:heptad DNA 
structure in the HER-2/neu promoter in the regulation of HER-2/neu gene expression. 
 
Specific Aim 2: Investigation of the ability of quadruplex selective DNA interactive 
compounds to target the tetrad:heptad structure in the HER-2/neu promoter in vitro and in 
vivo. 
 
In order to accomplish these aims, we proposed a series of experiments to evaluate the 
ability of G-quadruplex interactive compounds to bind to the HER-2/neu promoter in 
solution and prevent HER-2/neu expression in cells. We proposed to identify lead 
compounds and perform biochemical studies to further characterize the structure formed 
by the HER-2/neu promoter in an attempt to understand the potential biological role of 
DNA secondary structure in the regulation of HER-2/neu expression.  
 
In this final annual report, we describe the development of a tool for studying the HER-
2/neu promoter with G-quadruplex interactive compounds or other compounds that may 
target the HER-/neu promoter or its GGA repeat region, and the evaluation of one G-
quadruplex interactive lead compound in this model system.  
 
The Ebbinghaus laboratory also published two related papers on the potential role of G-
quadruplexes in the promoters of two other important cancer related genes—HIF-1 alpha 
and c-MYB—that were related to the proposed work in the HER-2/neu promoter. These 
tangible work products can be attributed to this Army contract. 
 
BODY:   
A. HER-2/neu promoter studies. The Ebbinghaus laboratory constructed a model system 
for testing the role of GGA repeat region in controlling the expression of the HER-neu 
promoter. This model system was especially well suited to testing whether a G-
quadruplex interactive compound that inhibited HER-2/neu expression was binding to a 
G-quadruplex formed by the HER-2/neu GGA repeat region.  
 
In order to create completely isogenic reporter cell lines bearing a single, integrated 
HER-2/neu promoter-luciferase reporter gene, we transferred the native or mutant HER-
2/neu promoters together with the entire luciferase coding sequence from 
pGL4.20/HNP386 (described in last year's annual report) into the pcDNA5/FRT plasmid 
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(Invitrogen), the latter modified by entirely removing the CMV promoter. The resulting 
vectors are named pHNP386-luc/FRT and pHNP386(Δ-225)-luc/FRT.  
 
These vectors were used to create a matched pair of stable, integrated genes in host cells 
bearing a flp recombinase target sequence (FRT) by using the flp recombinase enzyme. A 
host cell line derived from 293 cells was commercially available from Invitrogen for this 
purpose, and we thus constructed a matched pair of 293 cells bearing integrated HER-
2/neu promoters upstream of the luciferase gene from the pGL4 series of vectors 
(Promega). These vectors differed only in a 6 bp mutation to the GGA repeat region of 
the HER-2/neu promoter: 
 
Wild type (GGA repeat region): TCACAGGAGAAGGAGGAGGTGGAGGAGGAGGGCTGC  
Δ-225 mutation:   TCACAGGAGAAGGAGGAGGTGGAGGCATGCGGCTGC 
 
Because the HER-2/neu promoter-reporter fragment is genomically integrated and in 
single copy, these cell lines could be directly compared for differences in luciferase 
activity as a reporter for HER-2/neu gene expression. These cells could then be treated 
with any compound that might target the HER-2/neu promoter, and luciferase activity 
would be a measurement of the effect of the gene on the target. Since the putative G-
quadruplex depends on an intact GGA repeat sequence, a comparison of the effect of a 
drug on native versus mutated HER-2/neu promoter-reporter cells would indicate whether 
the drug could reasonably be assumed to bind to the GGA repeat region. A CMV-
luciferase promoter-reporter contruct was also generated and genomically integrated at 
the same site in another cell line to serve as an additional control. 
 
A G-quadruplex interactive lead compound, CX-1398 from Cylene (and discussed in 
prior annual reports) was applied to the two matched cell lines, as well as a third cell line 
bearing the CMV promoter-luciferase contruct. 10-fold serial dilutions of CX-1398 were 
applied to the cells for 24 hours, and the cells were lysed, total protein measured, and 
luciferase activity measured with a luminometer. Luciferase activity was adjusted for 
total protein content of the lysate and normalized against the "no treatment" control cell 
lysate. The results of this experiment are shown in Figure 1 below. 
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Figure 1. Treatment of HER-2/neu reporter cells bearing wild-type (Wt) or mutant (Mut) 
HER-2/neu promoter-luciferase constructs with the G-quadruplex interactive compound 
from Cylene, CX-1398. A CMV promoter-luciferase contruct was treated as an additional 
control. 
 
These studies showed that CX-1398 only reduced HER-2/neu driven luciferase 
expression compared to vehicle (DMSO) control at high doses (100 uM). There was no 
differential effect of CX-1398 on mutant versus wild-type HER-2/neu promoters. 
 
We conclude that the model G-quadruplex interactive compound CX-1398 does not 
inhibit HER-2/neu by binding to a G-quadruplex in the promoter region of this oncogene. 
However, we do believe that these data provide a useful model for future promoter 
studies that could be applied to the study of other genes bearing putative G-quadruplex 
forming sequences. Furthermore, these reporter constructs and cell lines could be used 
directly to screen for compounds that might interact with the HER-2/neu promoter, in a 
manner analogous to the previous report by Scott and colleagues (Mol Cancer Ther. 2002 
Apr;1(6):385-92).  
 
B. c-MYB G-quadruplex promoter studies. The Ebbinghaus lab identified the c-MYB 
gene as bearing a GGA repeat region that was homologous to the one in the HER-2/neu 
promoter. Indeed, because the c-MYB gene contained three (GGA)4 repeats, it was likely 
more amenable to the formation of a stable G-quadruplex structure, potentially forming a 
tetrad:heptad:heptad:tetrad structure. 
 
The laboratory embarked upon studies of the c-MYB promoter from which we concluded 
that Our findings show that the G-quadruplex-forming region in the c-myb promoter is a 
critical cis-acting element that may repress c-myb promoter activity through MAZ 
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binding to the G-quadruplex structure (Nucleic Acids Res. 2008 Apr 1;36(6):1755-1769). 
These data are among the first to show that a known transcription factor can potentially 
bind to alternate conformations of the same promoter, and provide further evidence in 
support of the role of G-quadruplexes in the control of gene expression. 
 
KEY RESEARCH ACCOMPLISHMENTS:   
Pre-award through End of Year 1 

o Identification of a GGA repeat region of the HER-2/neu promoter capable of 
forming an unusual secondary structure, a tetrad-heptad, related to G-quadruplex. 

o Biochemical characterization of secondary structure formation using 
oligonucleotides representing the HER-2/neu promoter. 

o Identification of two classes of compounds (telomestatin, a natural product, and a 
proprietary fluoroquinolone from Cylene Pharmaceuticals) capable of binding to 
the tetrad:heptad structure in the HER-2/neu promoter using a cell-free 
biochemical assay (DNA polymerase arrest assay) 

o Preliminary demonstration that compounds identified in the cell-free assay 
can reduce HER-2/neu transcription ex vivo (in cell culture) 

Year 2 
o Construction of reporter plasmids bearing the HER-2/neu promoter and specific 

mutations that disrupt secondary structure formation in the HER-2/neu promoter. 
o Transient transfection analysis of native and mutant HER-2/neu reporter 

plasmids. 
o Identification of a G-quadruplex forming region of the HIF-1α promoter. 

o Biochemical characterization of secondary structure formation using 
oligonucleotides representing the HIF-1α promoter. 

o Identification of two classes of compounds (telomestatin, a natural product, 
and TmPyP4, a cationic porphyrin) that can bind to the G-quadruplex 
formed by the HIF-1α promoter.  

 
Year 3 

o Construction of stable, single copy, integrated reporter cell lines bearing the HER-
2/neu promoter and specific mutations that disrupt secondary structure formation 
in the HER-2/neu promoter. 

o Evaluation of CX-1398, a proprietary compound from Cylene, identified 
as a lead G-quadruplex interactive compound potentially capable of 
binding to the putative tetrad:heptad structure in the HER-2/neu promoter 
during year 1. 

o Identification of a G-quadruplex forming region of the c-MYB promoter. 
o Biochemical characterization of secondary structure formation using 

oligonucleotides representing the c-MYB promoter. 
o Identification of MAZ as a transcription factor that can recognize alternate 

DNA conformations in the c-MYB promoter.  
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REPORTABLE OUTCOMES:   
Meeting Abstracts 

1. Krotova Y, Boros M, Memmott R, Ziemba A, Hurley L, and Ebbinghaus S, 
Transcriptional Control of the HER-2/neu Promoter By DNA Secondary 
Structure, Era of Hope Department of Defense Breast Cancer Research Program 
Meeting, 2005. 

2. Lee SM, Hurley LH, Ebbinghaus SW. The role of the GGA repeat region of the c-
myb promoter in regulation of c-myb expression. Proceedings of the American 
Association for Cancer Research 2005; 46:4519 

3. De Armond RL, Deniro M, Hurley L, Ebbinghaus SW. Evidence for a G-
quadruplex in the promoter region of the hypoxia inducible factor-1 alpha (HIF-
1α). Proceedings of the American Association for Cancer Research, Volume 45, 
2004 (Abstract 3863). 

4. Memmott R, Basye J, Hurley L, Ebbinghaus SW. Formation of a novel G-
quadruplex by GGA triplet repeats in the promoter region of HER-2/neu 
oncogene.  Proceedings of the American Association for Cancer Research, 
Volume 44, 2003 (Abstract 5594) 

Peer-reviewed Manuscripts 

1. De Armond R, Wood S, Sun D, Hurley LH, Ebbinghaus SW. Evidence for the 
Presence of a Guanine Quadruplex Forming Region within a Polypurine Tract of 
the Hypoxia Inducible Factor 1α Promoter. Biochemistry 44(49):16341-50, 2005. 

2. Palumbo SL, Memmott RM, Uribe DJ, Krotova-Khan Y, Hurley LH, Ebbinghaus 
SW.  A novel G-quadruplex-forming GGA repeat region in the c-myb promoter is 
a critical regulator of promoter activity.  Nucleic Acids Res, 2008 Apr 
1;36(6):1755-1769. 

 
CONCLUSION:   
Although we identified two classes of compounds that appeared to have some effect on 
HER-2/neu expression and were also capable of binding to G-quadruplex DNA 
simulating the putative G-quadruplex structure in the HER-2/neu gene, we were unable to 
convincingly demonstrate that a putative G-quadruplex structure was likely to be present 
in the HER-2/neu promoter because of ambiguity in the outcome of the biochemical 
(cell-free) and in vitro studies in cell lines.  
 
In related work attributable to the Army contract, we more convincingly demonstrated 
the presence of G-quadruplex structures in critical cis-elements of the HIF-1 alpha and c-
MYB promoters, leading to publications in Biochemistry and Nucleic Acids Research. 
 
APPENDIX:  
Reprint of Nucleic Acids Res, 2008 Apr 1;36(6):1755-1769. 

 

 8
































	BC0331799 Final Report Cover 2008.pdf
	Report Page 2.pdf
	filled toc Page 3.pdf
	Body…………………………………………………………………………………..         4

	DoD-Breast Final Report Body pages 4-8.pdf
	Page 1.pdf
	Page 2.pdf
	Page 3.pdf
	Page 4.pdf
	Page 5.pdf
	Page 6.pdf
	Page 7.pdf
	Page 8.pdf
	Page 9.pdf
	Page 10.pdf
	Page 11.pdf
	Page 12.pdf
	Page 13.pdf
	Page 14.pdf
	Page 15.pdf

